Magnetic and neutron diraction data for Tb11O20 compound are reported. This compound crystallizes in a triclinic crystal structure described by the space group P1 and is antiferromagnetic with the Néel temperature 5.1 K.
Introduction
Binary terbium oxides form a large number of compounds showing dierent stoichiometry [1] . The essential compounds are Tb 2 O 3 and TbO 2 . Both of them crystallize in a cubic crystal system, but they dier in their unit cells [2] . In the TbO system there also exists the non-stoichiometric TbO 2−x group of compounds with dierent crystal structure [3] . The paper [4] and 7.85 K, respectively [6] .
In this work the X-ray and neutron diraction as well as magnetic data for commercial sample of terbium oxide (purity 99.9%) by Johnson Malthey Company are reported. From these data the crystal structure parameters and magnetic properties are determined.
Experiment
Phase analysis was done by X-ray powder diraction (XRD) at room temperature using a Panalytical X'PERT diractometer with the Cu K α radiation.
The dc magnetic measurements were carried out using a commercial vibrating sample magnetometer (VSM) option of the Quantum Design PPMS. Three types of magnetic measurements were performed: cooling at low temperatures at zero magnetic eld (ZFC) and at eld (FC) equal to H = 50 Oe (to determine the phase transition temperatures), then scanning from 1.9 K up to 300 K in a magnetic eld of 1 kOe (to determine the value of the eective magnetic moment µ eff and the paramagnetic * corresponding author; e-mail: andrzej.szytula@uj.edu.pl Curie temperature θ p ) and nally measuring the magnetization curves up to 90 kOe at 1.9 K (to determine the value of the magnetic moment in the ordered state).
In order to determine precisely the temperature of the phase transition the ac magnetic susceptibility (χ ac = χ + i χ , where χ is the real and χ imaginary components) was measured versus frequency between 10 Hz and 10 kHz and in magnetic eld amplitude H ac equal to 5 Oe in the temperature range 210 K.
Powder diraction patterns were collected using the E6 diractometer installed at BERII reactor (Helmholtz--Zentrum Berlin) within the temperature range 1.6 and 300 K with incident neutron wavelengths equal to 2.447 Å. The X-ray and neutron diraction data were analyzed using the Rietveld-type program Fullprof [7] .
3. Results Temperature dependence of the ac magnetic susceptibility χ and χ has a broad strong maximum at 4.5 K. The values of χ and χ in the region of the broad peaks (particularly χ ) strongly depend on frequency (see Fig. 3 ). Also the T max corresponding to the maximum in χ (T ) increases from 4.0 K for f = 10 Hz to 4.3 K for f = 10 kHz. All curves decrease to zero at T = 5.1 K. In χ (T ) an additional small maximum is observed at 8.5 K.
Neutron diraction patterns measured at 1.6 and 11.8 K are shown in Fig. 4 . Numerical analysis of the nuclear peak intensities is in a good agreement with the crystal structure of Tb 11 O 20 . In this low symmetry triclinic structure (space group P1) the Tb atoms occupy six dierent Wycko positions. Our data were analyzed using the positional atom parameters taken from Ref. [4] . TABLE Crystal structure parameters for Tb11O20 from neutron diraction at 1.6 and 11.8 K and X-ray diraction data at room temperature. These data are compared with those from Ref. [4] .
6.493(6) 6.514 (6) (7) The determined lattice parameters a, b, c and angles α, β, and γ at dierent temperatures are listed in Table. Data obtained at room temperature are in a good agreement with those reported in Ref. [4] . In the region 15
• 40
• a broad maximum is observed in pattern collected at 11.8 K (see Fig. 4 ). With the decrease of temperature a group of small intensity Bragg reections arises within mentioned above angle region. This fact indicates that Tb magnetic moments order and probably form a modulated structure at low temperatures.
A large number of small intensity overlapping reections of magnetic origin made impossible to determine magnetic structure. 
